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A neural field model using advanced anatomical
connectivity information
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Stockholm, Sweden. 23-28 July 2011
We propose a mathematical framework for a neural
field model that can accommodate empirical informa-
tion on connectivity strength between different parts of
the brain, and axonal caliber information of these con-
nections. Furthermore, we use integro-differential equa-
tions to describe the mean dynamics (i.e., firing rate and
mean membrane potential) [1]. We demonstrate the fra-
mework at the example of the rat brain.
Here, we specify the propagation velocity distributions
by a linear relationship using empirical, position-variant,
axonal diameter distributions of myelinated and unmye-
linated callosal axons [2]. We approximate the
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experimentally estimated histograms of axonal diameters
using alpha functions. By interpolating these alpha func-
tions in space, weighted by the fiber densities of the
myelinated and unmyelinated axons, we compute the
velocity probability density (see Figure 1B). Diffusion
tensor imaging is used to reconstruct axonal projections
through the white matter. We use an atlas-based parcel-
lation of the rat brain [3] to allocate the reconstructed
projections to specific brain regions, yielding a connec-
tome (see Figure 1A). The structures that are most
strongly interconnected are the hippocampus, the thala-
mus, the motor and the sensory cortices. A simulation
of the electrocorticogram demonstrates the impact of
distal over local connections on brain function (see Fig-
ure 1C).
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